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Tuesday, February 18, 2014 553aOur results demonstrated that the c.A2987T KCNH2 mutation is the primary
cause of the LQTS phenotype. Precise genetic modification of pluripotent
stem cells provided a physiologically and functionally relevant human cellular
context to reveal the pathogenic mechanism underlying this specific disease
phenotype.
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Many commonly used drugs can bind to and block the hERG channel and cause
the potentially life threatening acquired long-QT syndrome.
Whilst obtaining an IC50 for drug block of hERG is relatively straight forward,
this is a poor surrogate for risk of pro-arrhythmia. Predicting the overall conse-
quences of hERG drug block on cardiac electrical activity is complicated by the
fact that the effect of hERG channel block varies in different cells (e.g. epicar-
dial, mid-myocardial, endocardial, Purkinje) of the heart. Furthermore it is
significantly altered by the electrical remodeling that occurs in many chronic
heart conditions. With the aging of our population and an increasing proportion
of people with chronic heart conditions it is especially important to understand
how disease states affect the consequences of hERG drug block and risk of pro-
arrhythmia.
Here we describe a recently developed dynamic action potential clamp system
(dAPC) to investigate the effect of hERG block on cardiomyocytes. The system
consists of conventional whole cell voltage clamp study of ion channels in
mammalian expression systems, coupled to a real time computer model of
human cardiomyocyte action. The dAPC system integrates the current record-
ings from a patch clamped cell into an in-silico cell model, the output of which
is then used to determine the voltage of the patch clamped cell. When used in
combination with a state of the art drug perfusion system this integrative
approach will permit testing of drugs on specified ion channels in a physiolog-
ically relevant environment, something that is not possible with conventional
patch clamp methods.
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Mutations in calmodulin (CaM) cause long-QT syndrome and recurrent cardiac
arrest (Circulation (2013) 127: 1009). Arrhythmogenesis likely arises from
impaired CaM regulation of ion channels, especially Ca2þ-dependent inactiva-
tion (CDI) of L-type calcium channels (LTCCs). Yet, traditional assessment of
the Ca2þ sensitivity of CDI conflates channel gating (controlling Ca2þ influx),
and actual Ca2þ responsiveness of CDI. Here, we used Ca2þ-photouncaging to
deliver known Ca2þ steps to LTCCs. Liþ was the charge carrier to restrict the
source of Ca2þ to that uniformly photouncaged by UV flashes. Panel A displays
the CaM C-lobe component of CDI, isolated by coexpressing LTCCs with
mutant CaM12 (Ca
2þ binding only to C-lobe). Absent Ca2þ uncaging, quasi-
steady currents were evoked (black). Ca2þ uncaging induced strong and
kinetically resolved CDI (gray, with fit). Isolating the N-lobe form of CDI
(panel B) yielded a slower but also strong form of CDI. Data such as
these enabled full profiles of steady-
state and kinetic responsiveness of
CDI to Ca2þ. Intriguingly, disease-
related CaM mutations resulted in
well-resolved and specific deficits in
the Ca2þ-to-CDI response profile, offer-
ing powerful insight into the channel
mechanistic alterations that ultimately
yield system-level disease.2798-Pos Board B490
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INTRODUCTION: KATP channels are known to provide a functional linkage
between the electrical activity of cell membrane and metabolism. The KCNJ8-encoded Kir6.1 (KATP) channel is critical in the regulation of vascular tone
and cardiac adaptive response to systemic metabolic stressors, including sepsis.
Previously, we identified two KCNJ8 mutations (E332del and V346I) in a large
sudden infant death syndrome (SIDS) cohort that exhibited a marked loss-of-
function phenotype. Here we asked whether these SIDS mutations display
dominant-negative effects on co-expressed wild type (WT) and further examine
the mechanism underlying its abnormal channel function. METHODS AND
RESULTS: A hemagglutinin (HA) epitope was introduced in an extracellular
loop of Kir6.1-WT and mutations through recombinant PCR technique.
Kir6.1-WT and Kir6.1 mutant (E332del or V346I) were co-expressed heterol-
ogously with SUR2A in HEK293 cells for whole cell patch clamp recordings.
HA-tagged Kir6.1-WT and Kir6.1-E332del or V346I were co-expressed
heterologously with SUR2A in HEK293 cells for live cell western blot with
primary anti-HA antibody and the 2nd antibody labeled IRDye 800 and
detected by LI-COR Odyssey infrared imaging system and for quantification
of cell surface expression by flow-cytometry with FITC-conjugated anti-
HA antibody. Compared with Kir6.1-WT, pinacidil-activated KATP currents
for E332del and V346I were decreased 57% to 68% between 20 mV and
40 mV as reported previously in COS-1 cells. The live cell western analysis
showed that the intensities of the cell surface expression of Kir6.1-E332del
and V346I were 24% to 42% of Kir6.1-WT. The cell-counting studies by
flow-cytometry indicated that the cell surface expression of Kir6.1-WT was
suppressed 35% to 70% when co-expressed with Kir6.1-E332del or Kir6.1-
V346I in a 1:1 DNA ratio. CONCLUSION: The loss-of-functional Kir6.1
KATP channel mutations found in SIDS displayed a channel trafficking defect
to the plasma membrane and exerted the dominant-negative effect on Kir6.1-
WT channels.
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Background and rationale:
Until recently the study of dysfunctional ion channels in their native environ-
ment was only possible by using transgenic animal models, which do not
recapitulate human physiology. Here, we have investigated the use of hiPS-
CM’s as a model system for investigating cardiac channelopathies, specifically
long QT Syndrome-9 (LQT9) causing Cav3 mutation (F97C-Cav3).
Methods:
Commercially available hiPS-CM’s were obtained from Cellular Dynamic
International. hiPS-CM’s were infected with WT-Cav3 or F97C-Cav3 and
studied with standard patch-clamp techniques.
Results:
Using HEK293 cells and in rat myocytes we previously reported that
LQT9 causing mutations did not affect peak-sodium current (INa-P), but
increased late-sodium current (INa-L).
In the HEK293 heterologous cell system
we transfected the key components
nNOS, a1-syntrophin and WT-Cav3/
F97C-Cav3 to elucidate mechanism.
To investigate the use of hiPS-CM’s as
a model, we infected hiPS-CM’s with
WT-Cav3/F97C-Cav3. We report that,
INa-p was unchanged (A&B) but report
an increase in INa-L (C&D).
Conclusion:
hiPS-CM’s are a relevant physiologic
expression model system to study car-
diac channelopathies that recapitulates
the native environment of a human ven-
tricular myocyte.2800-Pos Board B492
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Introduction & Objective: Several lines of evidence suggest that cytokines
are potent mediators of cardiac remodelling including hypertrophy and
generation of reactive oxidative species (ROS). Increases in serum cytokines,
notably necrosis factor-alpha (TNFa) and interleukin-1b (IL-1b), have been
554a Tuesday, February 18, 2014reported in patients suffering from arrhythmias and heart failure. We pre-
viously showed that TNFa reduces the repolarizing Kþ current in mice;
however the effects of cytokines on other cardiac ionic currents and the mech-
anism by which these effects are mediated remain incompletely understood.
Thus, our objective was to investigate the role of TNFa and IL-1b on L-type
calcium current (ICaL), a key player in cardiomyocyte excitation-contraction
coupling.
Methods: Cultured neonatal mouse ventricular myocytes were treated with a
pathophysiological concentration (30 pg/mL) of TNFa and IL-1b for 24H.
ICaL was recorded using the voltage-clamp technique.
Results: The density of ICaL (pA/pF) was decreased by 36% in IL-1b-treated
myocytes compared to controls whereas TNFa had no effect. The CaV1.2
mRNA expression was unchanged by IL-1b treatment however there was a sig-
nificant increase in intracelluar ROS. The antioxidant N-acetyl-L-cystein
reduced ROS and restored ICaL density. Furthermore, Western blot experi-
ments reveal that IL-1b increases PKCε membrane translocation. Treatment
with a specific PKCε translocation inhibitor or pertussis toxin, the Gai inhibi-
tor, also reversed the effects of IL-1b.
Conclusion: IL-1b significantly decreased ICaL density without affecting the
expression of Cav1.2. Our results suggest that IL-1b mediates its effects by
ROS signalling implicating Gai and subsequently PKCε activation. These find-
ings could contribute to explain the role of IL-1b in the development of
arrhythmia and heart failure.
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Familial hemiplegic migraine (FHM) is a rare autosomal dominant migraine
subtype with aura associated with reversible hemiparesis. It is caused by
missense mutations in the genes of CACNA1A (FHM1), ATP1A2 (FHM2)
and SCN1A (FHM3). Prevailing proposal of FHM pathogenesis is that
such mutations could either increase susceptibility of cortical spreading
depression (CSD) or facilitate subcortical propagation of CSD. Moreover,
all 3 types of FHM showed associated epilepsy. SCN1A is a well-known
epilepsy gene with over 100 known mutations, while until now only few
FHM3 mutations have been identified. Here we report a novel Nav1.1
L1613P mutation in a three-generation family with four patients who present
with both FHM and epilepsy. To explore the underlying mechanism, Nav1.1
and the mutation L1613P together with the auxiliary subunits b1 and b2
were cotransfected in human TSA 201 cells. Whole-cell patch clamp record-
ings showed non-inactivated depolarization-induced sodium currents for
L1613P. The present study provides further evidence that SCN1A mutations
can cause both FHM and epilepsy, and we propose the inactivation changes
in L1613P might be involved in the pathomechanisms of both FHM and
epilepsy.Other Channels
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Bacterial mechanosensitive channels are important for cell survival in changing
osmotic environments. For the mechanosensitive channel of small conductance
from Escherichia coli (Ec-MscS), seven residues have previously been shown
to form important lipid contacts in the closed state of the channel. Based on
open state crystal structures and closed state models, these residues interact
with lipids in the closed state of the channel. Decreasing the hydrophobicity
of these residues reduces bacterial survival upon osmotic downshock. Since
the closed state appears to be stabilized by lipid interactions, we hypothesized
that similar stabilizing lipid interactions could be identified in the open state.
Using a computational model of open state Ec-MscS embedded in a lipid
bilayer, eleven residues were determined to be lipid exposed with ten of these
residues being unique to the open state of the channel. To identify the role of
lipid interactions these residues were mutated to alanine and leucine to alter
their interaction with the hydrophobic lipids. The effects of these mutations
on channel function were assayed using osmotic downshock lysis assays,
growth assays, and patch clamp electrophysiology. Mutations of the ten resi-
dues that are exposed to the lipid bilayer only in the open state of the channel
effected a wildtype phenotype in all of these assays. The lack of phenotypicchanges, for residues that interact with the lipid bilayer solely in the open state,
suggests that these interactions are not critical for channel gating. This has led
us to propose a "Jack-In-The-Box" model of gating for MscS, in which intrinsic
lipid bilayer pressure holds the channel in the closed state. Upon relief of the
intrinsic bilayer pressure by application of opposing extrinsic tension, MscS
springs into the open state.
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Mechanosensitive ion channels are pore forming membrane proteins playing
vital roles in all forms of life. They sense the mechanical force in the lipid
bilayer and translate this force into big structural changes. Revealing these
structural changes, thus; how these channels work is of great importance for
understanding mechanosensation.
Mechanosensitive channel of large conductance (MscL) is such a channel in
bacteria, which opens a temporary pore as large as 3-4 nm in diameter in
response to hypoosmotic shock. In order to form such a big opening, the chan-
nel undergoes drastic structural rearrangements. The methods currently used
to study MscL gating such as patch clamp, disulfide crosslinking, FRET spec-
troscopy, SDSL-EPR enabled researchers to gain information on the local
structural changes taking place during channel gating. However, a method
for direct observation of the overall global structural changes is lacking.
Here, we developed a novel approach to track the global structural changes
taking place when MscL goes from the closed to the open state. Our method
is based on determining the mass and rotationally averaged size of the ion
channel in its intact form using non-denaturing electrospray ionization
coupled with ion mobility mass spectrometry (IM-MS). We studied native
MscL in its closed form and heteropentameric MscLs in different open states.
We could detect for the first time i) the native mass, hence the oligomeric
state, of MscL; ii) the global structural changes during MscL gating; and
iii) functioning of MscL in the absence of a lipid bilayer. We believe our novel
approach opens new avenues for further studies on the dynamic structures
of many other membrane proteins, which were so far unattainable by other
methods.
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Mechanosensitive (MS) channels allow cells to sense and respond to environ-
mental changes. In bacteria, these channels are believed to protect against an
osmotic shock. The physiological function of these channels has been primarily
characterized by a standardized assay, where aliquots of batch cultured cells are
rapidly pipetted into a hypotonic medium. Under this method, it has been in-
ferred many types of MS channels (MscS homologs in E. coli) demonstrate
questionable effectiveness against shock. We introduce a single-cell based
assay which allows us to control how fast the osmolarity changes, over time
scales ranging from a fraction of second to several minutes. We find that the
protection provided by MS channels depends strongly on the rate of osmotic
change, revealing that, under a slow enough osmotic drop, even "ineffective"
MscS homologs can lead to survival rates comparable to those found in
wild-type strains. Further, after the osmotic downshift, we observe multiple
death phenotypes, which are inconsistent with the prevailing paradigm of
how cells lyse. Both of these findings require a re-evaluation of our basic
understanding of the physiology of MS channels.
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To complement the existing experimental and computational methods used for
studies of membrane protein structure and dynamics a finite element (FE)
model for multi length-scale and time-scale investigations of the gating
mechanism of mechanosensitive (MS) ion channels has been established.
The main advantage of the FE simulation over molecular dynamic simulation
